Purpose: To evaluate the effects of rectal enemas on rectal doses during radical high-dose-rate (HDR) intracavitary cervical brachytherapy (BT).
Purpose
Intracavitary cervical brachytherapy (BT) is a cornerstone in the treatment of cervical cancer combined with external beam radiotherapy (EBRT) because it delivers a high dose to the primary cervical tumor and adjacent soft tissues, resulting in increased local control and survival [1, 2, 3, 4] . The rectum is the main organ at risk (OAR) for complications [5] . Classically, rectal and bladder points on orthogonal radiographs have represented the doses to these organs and have been used to estimate the risk of complications [6] . These points only provide a limited information of the OAR anatomy and its relationship with the brachytherapy applicator. The availability of tree-dimensional images (3D), computed tomography (CT), or magnetic resonance imaging (MRI) have revealed inconsistencies of the OARs doses between 3D and planar dose-calculation methods [7] . The availability of tridimensional images, computed tomography (CT), or magnetic resonance imaging (MRI) have shown that these points do not take the exact tumor and OAR anatomy into account [7] . Up to 23% of the patients can experience rectal toxicity grade 2 or higher [8] . Higher doses per fraction and higher doses at point A have been shown to increase rectal toxicity [6] .
The long-lasting low-dose-rate (LDR) applications with several hospital rest days avoid rectal discharge for applications lasting longer than two days [9] , and rectal enemas prior to the procedure have been advised [10] . Rectal evacuation was also recommended for LDR vaginal cuff brachytherapy (VCB) [9] . Our group was concerned about the relationship between rectal filling and rectal doses, as well as the value of keeping rectal cleansing practices in the current gynecological high-dose-rate (HDR) brachytherapy setting [11, 12, 13] . We have recently published a trial analyzing the effect of rectal enemas on rectal dosimetric parameters during VCB [14] , and here we report a parallel study on cervical cancer during definitive HDR-brachytherapy after EBRT.
Material and methods
Patients' eligibility criteria included a histologically confirmed diagnosis of cervical cancer, no evidence of distant metastases other than para-aortic lymph node metastases, no history of abdominal pelvic RT, an Eastern Cooperative Oncology Group performance status of 0-2, and no known history of inflammatory bowel disease. The patients' treatment followed standard protocol, apart from the inclusion of the rectal enema administered prior to the second fraction.
Patients were staged with a physical examination, blood analysis, and MRI of the pelvis and abdomen. Additional staging procedures were performed on a patient by patient basis. Radiotherapy consisted of EBRT, followed by intracavitary BT performed under general anesthetic. All patients received concomitant weekly cisplatin during EBRT. EBRT and BT courses were administered in the outpatient setting. Initially, the whole pelvis was treated with 6/18VM photons with a 3D conformal four-field box technique up to 44 to 50.4 Gy in 22 to 28 fractions. Parametriums were boosted to 60-66 Gy to patients with International Federation of Gynecology and Obstetrics (FIGO) stage IIb-III. Five HDR-BT fractions were administered twice a week using a 192 Ir remote afterloading technique (MicroSelectron HDR, Elekta, Stockholm, Sweden) concurrently with parametrial boosting or the last EBRT fractions. The HDR-BT was performed using a Fletcher-style applicator. The first 10 patients were treated with a metallic Fletcher-Williamson applicator (part #110.270A01, Nucletron, Elekta, Stockholm, Sweden) with unshielded mini-colpostats because the large number of artefacts on CT images caused by the shield material inside colpostats, preclude the use of larger colpostats. Afterwards, the metallic applicator was replaced by a CT/MR compatible Utrecht applicator and colpostats with a rectal retractor (part #085.230, Nucletron, Elekta, Stockholm, Sweden). No interstitial needles were used. The standard prescribed dose was 5 Gy to point A. The length of the intrauterine tandem and distance between colpostat was adjusted to the patients' anatomy at each BT fraction. Anterior and posterior gauze packs were used to stabilize the applicator, and to push the bladder and the rectum away.
The first and second BT fractions were used for the study; the first being considered the basal or reference status, and the second being the experimental rectal cleansing. A pelvic CT scan was routinely carried out at every fraction, with a 2 mm slice thickness and no gap between slices, in the supine position. Patients were instructed to try to evacuate before coming to the hospital for HDR-BT, and two Fleet enemas were self-administered before the second fraction: the first the night before the procedure, and the second, at home, before the hospital admittance.
Computed tomography images were transferred to a 3D treatment planning system (Oncentra v. 4.1, Elekta, Stockholm, Sweden) in order to create a customized plan at every fraction. The entire outer bladder wall was segmented and the rectum was delineated from the rectosigmoid union to 1 cm below the femoral heads by the same physician. The tandem active length was individualized to the patients' anatomy at every fraction. Optimization was employed based on points. The points were placed around tandem and colpostats following the American Brachytherapy Society protocol [15] , and using the volume option.
Statistical analysis
A sample size of 52 patients was calculated based on an estimated difference in mean rectum volume of 7 ± 20 cc between both CTs (β = 80%, α = 0.05, two sided test). It was calculated taking into account previous results that demonstrated a rectal volume reduction of 22 cc after rectal deflation in patients with rectal gas pockets [13] . The expected volume difference was thought to be two-thirds less (7 cc) than our previous study. The Institutional Review Board approved this study, and before brachytherapy, informed consents were obtained from all study patients.
Results are shown as mean (± standard deviation) or as median (interquartile range [iqr]) for non-normal data. Normality was assessed with the Kolmogorov-Smirnoff test. Bladder and rectal volume differences at the first (without Fleet enemas) and second BT fraction (with enemas) were computed and compared, and their corresponding DVH parameters (D 0.1cc , D 1cc , D 2cc , D 5cc ) were assessed. T-tests, paired, and unpaired were used to compare continuous variables. Correlation among them was analyzed with Spearman's test. Dose data is reported with the median and interquartile range (iqr) because some did not show a normal distribution, and data was compared with the Mann-Whitney rank-sum test and the Wilcoxon signed rank-test for unpaired and paired data, respectively. The threshold for significance for all study outcomes was p < 0.05.
Results
Between December 2013 and May 2016, 20 consecutive patients with cervical cancer were recruited from those referred for definitive chemo-radiotherapy treatment. Accrual was prematurely stopped with 20 patients, due to the observed lack of dosimetric benefit with the rectal enema administration on our parallel study of rectal enemas during VCB [14] . Table 1 shows patients' characteristics. Pelvic EBRT delivered dose (mean ± SD) was 47.79 ± 3.08 Gy. The first 10 patients were treated with a metallic Fletcher-style applicator, and the remaining with a CT/MR compatible Utrecht applicator due to a breakage of the former. No significant differences in the rectal length or intrauterine length loading were observed, whichever type of applicator and enemas were used (Table 2) . No significant differences in rectal volume or DVH parameters were observed between no enema and enema fractions. Mean rectal volume was 52.64 ± 15.92 cm 3 at the first fraction, without enemas, and 53.16 ± 19.28 cm 3 at the second fraction, with enemas (p = 0.8673). Table 3 shows rectal volumes and rectal dose parameters according to the type of applicator, Fletcher, or Utrecht, at the first fraction, without enemas, and second fraction, with enemas.
No significant intrauterine length loading differences were observed according to the BT fraction with or without enemas (no enema: 5.47 ± 0.98 cm; enema: 5.41 ± 0.73 cm; p = 0.5445). A statistically significant correlation existed between rectal volume at the first and second BT fractions (without and with enemas) (r = 0.722, p = 0.001). Figure 1 shows a regression line between the two volumes. Table 4 shows the rectal volume at the first (without enemas) and second BT fractions (with enemas). The majority of the patients had empty rectums even without enemas and Fleet enemas had a limited effect in cleaning the rectums. All rectal DVH parameters were higher with the rectal enemas, but were not statistically significant (Table 5) . No statistically significant correlation was observed between rectal volume change and DVH parameters change due to the BT fraction (r values, 0.091, 0.123, 0.09, 0.091 for D 0.1cc , D 1cc , D 2cc and D 5cc , respectively). Figure 2 shows the rectal volume and D 2cc according to the BT fraction without enemas and with enemas. 
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Discussion
In this study, we evaluated the clinical value of rectal enemas administered prior to the brachytherapy procedure in cervical cancer. Our results shows a lack of statistically significant impact of rectal enemas prior to fractionated HDR brachytherapy on DVH parameters.
The ESTRO [9] recommends avoiding rectal discharge if the brachytherapy lasts longer than one or two days. After the introduction of fractionated HDR brachytherapy, a Fleet enema prior to the procedure has remained in clinical practice in several radiotherapy departments. Despite the introduction of the fractionated and faster HDR techniques, some departments have kept on its use in order to avoid bowel movements and rectal anterior wall displacements towards the vagina and cervix. A similar situation occurs with the VCB. Then we started a parallel project with the aim to evaluate the dosimetric value of rectal enemas during modern fractionated therapy in two HDR gynecological brachytherapy settings, the postoperative VCB [14] and radical brachytherapy for cervical cancer. Previous studies showing a positive correlation between rectal distension and DVH rectal parameters, either in VCB [11, 13, 16] or in radical cervical cancer treatment [10] are the background for our project. During VCB it has been demonstrated that gas pocket evacuation reduced rectal volume by a third on average, which lead to Table 4 . Rectum content at first brachytherapy fraction without enemas and at second brachytherapy fraction with enemas. The Table shows that the majority of the patients had empty rectums even without enemas as well as the limited emptying effect of the enemas in this population Second fraction after the enema administration (n) 
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reductions in DVH parameters [13] . In the opposite way, the use of rectal contrast has been linked to a 20% increase statistically on the rectal volume, which also translated to an increase in all DVH parameters analyzed [11] . A study into cervical cancer at the University of California has shown a significant D 2cc increase of 6.58 Gy for each additional centimeter of distension [10] .
Our study was closed prematurely after the analysis of the parallel study on VCB [14] that failed to demonstrate a rectal DVH improvement with the Fleet rectal enema administration despite a significant 15% reduction in mean rectal volume. The study also suggested that it was ineffective for 35.6% of patients due to the increase in rectal volume after its administration. The results presented here are consistent with the study carried out in the VCB setting. No rectal DVH differences were observed with the use of Fleet enemas, and some patients also experienced a rec -tal volume increase with Fleet enema administration (Figure 2A ). Unlike the previous study, no significant mean rectal volume reduction was seen with Fleet enemas, despite the similar mean rectal volume at the basal status (rectal volume in the VCB study: 52.14 cm 3 basal, 44.07 cm 3 post-enema). The different percentage of patients treated with EBRT as well as the timing between EBRT and BT could be partially associated to the number of patients with empty rectums. All cervical cancer patients underwent simultaneous EBRT and BT, while nearly half of the endometrial cancer patients only underwent BT. In addition, the use of concomitant chemotherapy for cervical cancer has been linked to a twofold increase in gastrointestinal toxicity [17] . In the prostate EBRT setting, Engels described two patterns of rectal distention during an irradiation course [18] . One of them with large and variable rectal filling. Some could argue against administering rectal enemas if patients had already empty rectums. Nevertheless, it was an unexpected result found during analysis. The former parallel study for endometrial cancer shown that 27% of patients had an empty rectum in the first fraction without enemas, and 22% of the patients had an empty rectum in both fractions [14] . Although the lack of benefit in the overall group, Figure 2 suggest that some individual patients could profit from this harmless procedure.
The premature ending of the study is the main limitation of our work, as it reduces statistical power. The main reason to stop the study was that 35.6% of the endometrial cancer patients showed an increase in rectal volume after enema administration. The experimental design of the study, with paired data belonging to the same patient analyzing the first and second BT fractions, meant that every patient was submitted to the basal and experimental conditions, precluding any toxicity analysis. This study design impeded to discover the extent of the empty rectums in an early-stage. In order to discover it, a basal CT followed by the rectal enema and a second CT set would be needed. A strong correlation between rectal dose and rectal toxicity has been demonstrated [19, 20, 21, 22] , so dose accumulation procedures were created to compute accurate total doses to OAR after gynecological brachytherapy [23, 24] . Nevertheless, the similar doses obtained by both experimental conditions suggest that differences in rectal toxicity would be hard to demonstrate. Other factors that can modify DVH doses, such as the applicator position [10, 25] , the body mass index [26, 27] , or the bladder volume [28] were out of the scope of the study. These factors have not been extensively studied and results are contradictory among the few published reports. Although only CT was used for image segmentation, the use of MRI has proven to modify tumor volumes and absorbed doses [29] , therefore MRI with the applicator in place is the gold standard in real image for brachytherapy. Many institutions cannot carry this out in clinical routines, therefore other strategies have been developed, such as the use of CT/MR images on alternate applications [30] or the use of MRI acquired outside a radiotherapy protocol [31] . We do not believe that the use of MRI would modify rectum doses, because recently published results failed to demonstrate rectal and bladder dose differences related to the segmentation with CT or MRI [32, 33] . Future work needs to address the effect of rectal volume in a large population of patients treated with brachytherapy for locally advanced cervical cancer, and evaluate how it effects total dose accumulation.
Conclusions
Our results suggest that while a rectal evacuation might be useful during long-lasting bed rest low-doserate brachytherapy, the quicker HDR techniques carried out in an outpatient setting have no need for it. These results are in accordance with the parallel trial on VCB. Our rectal cleansing enemas protocol was unable to find any dosimetric improvement. Perhaps administering rectal enemas immediately before each brachytherapy application might bring a reduction in rectal doses. We believe that more studies in this field are necessary because of the disagreement with some of our previous retrospective studies. Nevertheless, reasons for the use of rectal enemas remain like hygiene, when interstitial implants are combined to the intracavitary procedure.
